■9 

REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  074-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including 
suggestions  for  reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302, 
and  to  the  Office  of  Manaaement  and  Budaet,  Paoerwork  Reduction  Proiect  (0704-01881.  Washinoton.  DC  20503 

1.  AGENCY  USE  ONLY  (Leave  blank) 

2.  REPORT 

DATE.1996 

3.  REPORT  TYPE  AND  DATES  COVERED 

Presentation  at  svmoosium.  8-10  Mav  1996. 

4.  TITLE  AND  SUBTITLE 

Transformation  of  TNT  by  Aquatic  Plants 

5.  FUNDING  NUMBERS 

N/A 

6.  AUTHOR(S) 

J.B.  Hughes,  Ph.D. 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Department  of  Enviromnental  Science  and 
Engineering 

George  R.  Brown  School  of  Engineering 
Rice  University 
Houston,  TX 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND 

SERDP 

901  North  Stuart  St.  Suite  303 
Arlington,  VA  22203 


11.  SUPPLEMENTARY  NOTES 

Presentation  given  at  International  Business  Communications  Symposium  on  Phytoremediation,  Washington,  D.C.,  8-10  May  1996. 
No  copyright  is  asserted  in  the  United  States  under  Tide  17,  U.S.  code.  The  U.S.  Government  has  a  royalty-free  license  to  exercise  all 
rights  under  the  copyright  claimed  herein  for  Government  purposes.  All  other  rights  are  reserved  by  the  copyright  owner. 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

12b.  DISTRIBUTION  CODE 

A 

Approved  for  public  release:  distribution  is  unlimited 

13.  ABSTRACT  (Maximum  200  Words) 

ETevious  studies  conducted  at  the  AERL  EPA  laboratories  and  in  our  labs  have  shown  that  TNT  is  rapidly  transformed  by  a  number 
of  common  aquatic  plants.  Currently,  studies  are  being  completed  to  assess  the  final  fate  of  transformation  products  in  whole  plant 
systems.  These  studies  demonstrate  the  assimilation  of  TNT-carbon  into  the  plant  structure,  at  rates  less  than  initial  transformation. 


19980709  168 


14.  SUBJECT  TERMS 

Phytoremediation,  Wetlands,  Explosives,  SERDP 

15.  NUMBER  OF  PAGES 

17 

16.  PRICE  CODE  N/A 

17.  SECURITY  CLASSIFICATION 

OF  REPORT 

unclass. 

18.  SECURITY 
CLASSIFICATION 
OF  THIS  PAGE 
unclass. 

19.  SECURITY  CLASSIFICATION 

OF  ABSTRACT 

unclass. 

20.  LIMITATION  OF 
ABSTRACT 

UL 

NSN  7540-01-280-5500  Standard  Form  298  (Rev.  2-89) 


Prescribed  by  ANSI  Std.  Z39-18 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

N/A 


tESS(ES) 


10.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


298-102 


DTIC  QUALITY  mBPEGTED  1 


PHYTOREMEDIATION 

Cost-Effecd 

ve  Clean-V. 

May  8 '10,  1996  •  Washington  National  Airport  Hilton  •  Arlington,  VA 

Sponsored  by: 


International 

Business 

Communication 


In  cooperation  with: 


Kiotreatment 


) 


TVs  Bnchat  is  Crimed  on  IteeycUd  Paper. 


t'"*- 

'  V  r* 


,<  <r^  ’•>''’f^ 


‘'  i ’as?  g**!.'. 


-  jrf  •< 

y-»-\;,;«i!  ••'  •. 


J.B:HughesyPh.D. 
Assistant  Prof essor 


George  RfMm^JSchool  ofEngineenng 
Pice University  : 


Joseph  B.  Hughes 


Dr.  Joseph  B.  Hughes'  held  o£  research  is  applied  microbiology  and  biological 
process  engineeiing.  Dr.  Hughes  joined  the  Rice  faculty  after  completing  his  Ph.D.  in 
1992  at  the  University  of  Iowa,  where  his  dissertation  dealt  with  anaerobic 
biodegradation — specifically,  the  transformation  of  chlorinated  aliphatics  by 
methanogenic  cultures.  The  focus  of  much  of  Dr.  Hughes"  research  to  date  has  been  the 
use  of  biological  processes  to  remediate  hazardous  wastes.  As  a  member  of  the 
Department  of  Environmental  Science  and  Engineering  at  Rice  University,  Dr.  Hughes 
teaches  courses  in  Water  and  Wastewater  Treatment,  Biological  Process  Engineering, 
and  Environmental  Microbiology. 

Dr.  Hughes'  work  in  the  area  of  chlorinated  solvent  biodegradation  has  focused 
on  the  effect  of  mixtures  of  chlorinated  aliphatics  can  the  biotransformation  rates  of 
individual  components  of  the  mixtinre,  concentration  effects  on  chlorinated  aliphatic 
transformation  kinetics,  and  the  role  of  electron  donors  on  transformation  processes. 
Such  studies  provide  information  that  will  be  needed  to  evaluate  the  feasibility  of 
biological  processes  in  remediating  contaminated  media.  This  work  on  chlorinated 
aliphatics  has  been  published  in  the  ASCE  Journal  ofEnvironmerdaL  Engineerings  Water 
Science  and  Technology,  and  In  situ  and  On-site  Bior^amation. 

In  addition  to  continuing  research  in  this  area.  Dr.  Hughes  is  studying  various 
approaches  to  fecilitating  bioremediation  of  PAH-contaminated  sediments.  He  recently 
published  a  paper  in  Environmental  Toxicology  and  Chemistry  on  the  use  of  commeardal 
surfactants  to  aihance  the  bioavailability  of  &ese  compounds.  He  is  currently  working 
on  the  engineering  of  slurry  reactors  to  optimize  their  performance  in  degrading  PAH- 
contaminated  sediments  with  indigenous  organisms. 

A  current  empha^  of  Dr.  Hughes'  ongoing  research  addresses  m^iutions 
biodegradation  in  bacterial  and  plant  systems.  His  investigations  into  trinitrotoluene 
metabolism,  transformation  pathways  and  end-products  arc  in  collaboration  with 
researchers  at  other  major  universities  and  national  laboratories. 
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3:30  TVansformation  of  TNT  by  Aquatic  Plants 

J.  B.  Hughes,  Ph.D.,  Assistant  Professor.  Department  of  Environmental 
Science  and  Engineering.  George  R.  Brown  School  of  Engineering,  Rice 
University 

Previous  studies  conducted  at  the  AERL  EPA  laboratories  and  in  our 
labs  have  shown  that  TNT  is  n^idly  transformed  by  a  number  of 
common  aquatic  plants.  Currently  studies  are  being  completed  to  assess 
the  final  fate  of  transformation  p^ucts  in  whole  plant  systems.  These 
studies  demonstrate  the  assimilation  of  TNT-caibon  into  the  plant 
structure,  at  rates  less  than  initial  transformation. 


4:00  Phytoremediation  of  Explosives  in  Aquatic-Plant 
Systems:  Process  Kinetics,  Design  and  Performance 

E  Michael  Saunders,  Ph.D.,  Professor  of  Environmental  Engineering, 
Georgia  Institute  of  Technology 

Explosives  in  contaminated  groundwaters  and  soils  have  been  shown 
to  be  persistent  in  the  natural  environment  at  ammunition  plants  and 
assembly  facilities.  Aquatic  plants  have  been  investigated  as  to  their 
ability  to  transfoim  trinitrotoluene  (TNT)  and  other  explosives. 
Explosive  reduction  through  phytochemical  amination,  conjugation 
and  inccaporation  into  plant  tissue  have  been  successfully 
demonstrated.  Kinetic  relationships  for  plant  transformation  of  TNT 
and  byproducts  by  plants  (e.g.  Elodea  densa  and  numerotis 
submergent  and  emeigent  plants)  will  be  presented.  These 
relationshipis  have  been  investigated  in  laboiatcxy  and  field  systems 
and,  design  and  perfonnance  data  will  be  presented. 

4:30  Phytoremediation  of  Explosives- 
Contaminated  Groundwater  in 
Constructed  Wetlands 


Darlene  F.  Bader,  Program  Manager,  Environmental  Technology 
Division, 

U.S.  Army  Environmental  Center 

The  U.S.  Army  Environmental  Center  is  leading  a  program  to  use 
constructed  wetlands  to  remediate  explosives-contaminated 
groundwater.  A  plant  enzyme  system  has  successfully  degraded  the 
explosives  TNT  and  RDX  to  environmentally  acceptable  products 
during  laboratory  studies.  Treatability  studies  are  consistent  with 
laboratory  findings.  An  overview  of  the  Army  program  and  results 
will  be  presented. 


5:00  Roundtable  Discussion 


5:30  Close  of  Day  One 


Thursday,  May  9, 1996 


8:25  Poster/Exhibit  Viewing  and  Coffee* 

8:55  Chairperson’s  Opening  Remarks 

Alan  J.  M.  Baker,  PhD.,  Reader  in  Environmental  Science  dc 
Environmental  Consultant,  Department  trf Animal  and  Plant  Sciences, 
University  of  Shefifidd,  UK 


Session  III 


Inorganic  Contaminants 


9:00  Making  Phytoremediation  Work 

Ilya  Raskin,  PhD.,  Professor,  Center  for  Agricultural 
Molecular  Biology,  Rutgers  University 

Toxic  metal  pollution  of  waters  and  soils  is  a  major  environmental 
problem  facing  the  modem  world.  The  use  of  specially  selected  and 
engineered  metal-accumulating  plants  for  environmental  clean-up  is 
an  emerging  technology  which  has  been  called  phytoremediation. 
Two  subsets  of  this  technology  are  being  devdop^  Pbytoextraction: 
the  use  of  metal-accumulating  plants,  which  can  tran^xxt  and 
concentrate  metals  fiom  the  soil  into  the  harvestable  parts  of  roots 
and  above-ground  shoots,  and  Rhizofiltration:  the  use  of  plant  roots 
to  absorb,  concentrate  and  precipitate  toxic  metals  from  poDuted 
effluents.  Recent  advances  in  phyto-remediation  technology  as  well 
as  its  potential  problems  will  be  discussed. 


9:30  The  Use  of  Different  Plants _ 

Concentrations  in  California  Soils 

Gary  Banuelos,  PhD.,  Plant/Soil  Scientist, 

US0A-ARS,  Water  Management  Research  Laboratory 
Natural  weathering  of  Cretaceous  shale,  in  conjunction  with 
irrigation  practices  on  Se-laden  soils,  redistributed  Se  salts  to 
shallow  aquifers,  streams  and/or  wetland  areas.  Improving 
inigation  management  and  growing  crops  that  take  up  large 
amounts  of  Se  is  a  potential  technique  to  remove  soluble  Se  fixnn 
these  soils.  Greenhouse  and  field  results  from  the  last  7  years  have 
successfully  demonstrated  phytoremediation  of  Se-laden  soils. 
Combining  newly  develop^  water  management  practices  on 
selected  plant  species  improves  the  technology  of  phytoremediation 
for  inexpensively  lowering  high  levels  of  soil  Se  in  shallow 
contaminated  soils. 

10:00  Poster/Exhibit  Viewing  and  Refreshment  Break* 


10:45  The  Use  of  Phytoremediation  in  the  Qean-Up  of 
Selenium  PoUuted  Soils  and  Waters 

Norman  Terry,  PhD.,  Professor  of  Environmental  Plant  Physiology 
Department  of  Plant  Biology,  University  of  California,  Berkeley 
Toxic  levels  of  selenium  (Se)  arise  in  agriculture  from  the 
irrigation  of  Se-rich  soils  and  in  industry  from  the  processing  of 
fossil  fuels.  The  cleanup  of  Se  fiom  soils  and  industrial 
wastewaters  can  be  achieved  by  using  plants  to  remove  Se  and 
convert  it  to  a  non-toxic  gas  (phytovolatilization)  which  may  be 
removed  completely  and  safely  from  the  local  ecosystem. 
Progress  in  our  research  on  the  ecology,  microbiology  and 
molecular  biology  of  phytovolatilization  will  be  presented. 

11:15  Getting  the  Lead  Out,  or  Leaving  it  in:  The  Art, 
Science  (and  a  Little  Politics)  of  the 
Phytoremediation  of  Lead  Contaminated  Soils 

Scott  D.  Cunningham,  PhD.,  Principal  Investigator, 

DuPont  •  Central  Research  &  Development 
The  talk  will  cover  the  basics  of  two  types  of  low-input 
remediation;  1)  an  in-situ  stabilization  with  soil  amendments 
and  plants,  and  2)  “phyto”  (or  plant-based)  extraction  of  Pb. 
The  latter  topic  will  emphasize  our  efforts  to  select,  grow  and 
manipulate  plants  and  soils  to  allow  plants  to  accumulate 
greater  than  1%  Pb  in  their  tissue  as  a  remediation  strategy. 
The  plants  are  then  harvested,  and  processed  for  Pb  recovery 
or  disposal. 

1 1 :45  Roundtable  Discussion 


12:15  Lunch  on  your  own 


1:40  Chairperson’s  Remarks  | 

Alan  J.  M.  Baker,  PhD.,  Reader  in  Environmental  Science  &  j 

Environmental  Consultant,  Department  of  Animal  and  Plant  | 

Sciences,  University  of  Sheffield,  UK  | 

1 :45  Metal-Accumulating  Plants:  The  Biological  Resource 
its  Commercial  Exploitation  in  Soil  Qean-Up  Technolo0 

Alan  J.  M.  Baker,  PhD.,  Reader  in  Environmental  Science  &  i 

Envirormental  Consultant.  Department  of  Animal  and  Plant  Sciences.'^ 
University  ol  Sheffield,  UK 

All  plants  take  up  metals  to  varying  degrees  fiom  the  soils  m  wlui? 
they  are  rooted.  Plant  responses  to  contaminated  soils  may  invotv 
accumulation  of  metals  in  biomass.  Metal  accumulation  can  rang* 
from  a  slight  elevation  relative  to  background  concentrations  to  a 
significant  percentage  of  the  plant  dry  matter.  Some  plants  endem 
to  metalliferous  soils  accumidate  exceptionally  high  metal  ^  I 
concentrations;  these  have  been  termed  ‘hyperaccumulatrxs.’  Thi^ 
presentation  will  review  our  present  knowledge  of  metal 
hyperaccumulator  plants  in  c^er  to  identify  those  with  the  gre***^ 
potentials  for  development  as  phytoremediator  crops  for  naetal- 
contaminated  soils. 
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Experimental  Systems 
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Plant  extract  (MeOH/acetonitrile) 
mineralization 
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Elodea  sp.  +  not  apparent 

Altemanthera  philoxeroides  +  not  apparent 
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♦  May  or  may  not  be  extractable 

♦  Soluble  products  are  observed 
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Activity  appears  to  be  plant  based 
Rates  amenable  to  engineered  system 
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